
C
lin

ic
al

 im
pa

ct
 o

f r
es

is
ta

nc
e 

fro
m

 th
e 

ho
sp

ita
l p

er
sp

ec
tiv

e

D
r N

ic
k 

B
ro

w
n

A
dd

en
br

oo
ke

’s
 H

os
pi

ta
l

C
am

br
id

ge

21
 J

an
ua

ry
 2

00
8



Mu
lti

pl
e a

nt
ib

io
tic

 re
sis

ta
nc

e 
Mu

lti
pl

e a
nt

ib
io

tic
 re

sis
ta

nc
e 

B
ul

ge
rA

nn
 In

tM
ed

 1
96

8;
 6

9:
 1

09
9-

11
08

19
59

  S
ta

ph
yl

oc
oc

cu
s 

au
re

us
, S

ea
ttl

e

–4
0%

 s
ta

ph
yl

oc
oc

ci
 re

si
st

an
t t

o 
4 

or
 m

or
e 

an
tib

io
tic

s

–8
5%

 re
si

st
an

t t
o 

pe
ni

ci
lli

n 
an

d 
st

re
pt

om
yc

in

–6
0%

 re
si

st
an

t t
o 

te
tra

cy
cl

in
e

–4
3%

 re
si

st
an

t t
o 

er
yt

hr
om

yc
in

–2
8%

 re
si

st
an

t t
o 

ch
lo

ra
m

ph
en

ic
ol



Ch
lo

ra
m

ph
en

ico
l

St
re

pt
og

ra
m

in
s

Qu
in

ol
on

es

Su
lp

ho
na

m
id

es

Te
tra

cy
cli

ne
s

Pe
ni

cil
lin

s

Am
in

og
lyc

os
id

es

Ma
cr

ol
id

es
Gl

yc
op

ep
tid

es

19
30

´s
    

    
    

 19
40

´s
    

    
   1

95
0´

s  
    

    
  1

96
0´

s  
    

  1
97

0’s
    

  1
98

0´
s  

   1
99

0´
s  

    
 20

00
´s

Ox
az

ol
id

in
on

es

In
tro

du
ct

io
n 

of
 N

ew
 A

nt
ib

io
tic

 C
las

se
s

In
tro

du
ct

io
n 

of
 N

ew
 A

nt
ib

io
tic

 C
las

se
s

Li
po

pe
pt

id
es



A
nt

im
ic

ro
bi

al
 r

es
is

ta
nc

e 
-

th
e 

m
ai

n 
co

nc
er

ns

H
os

pi
ta

l

•
M

RS
A

•
VR

E
•

En
te

ro
ba

ct
er

ia
ce

ae
 w

it
h 

ex
te

nd
ed

 s
pe

ct
ru

m
   

   
 

ß-
la

ct
am

as
es

(E
SB

L)
•

P.
 a

er
ug

in
os

a
•

S.
 m

al
to

ph
ili

a
•

Ac
in

et
ob

ac
te

r

Co
m

m
un

it
y

•
M

. t
ub

er
cu

lo
si

s
•

N
. g

on
or

rh
oe

ae
•

S.
 p

ne
um

on
ia

e
•

sa
lm

on
el

la
•

Gr
ou

p 
A

 s
tr

ep
to

co
cc

i
•

CA
-M

RS
A



Ev
ol

ut
io

n 
of

 re
sis

ta
nc

e i
n 

Ev
ol

ut
io

n 
of

 re
sis

ta
nc

e i
n 

St
ap

hy
lo

co
cc

us
 au

re
us

St
ap

hy
lo

co
cc

us
 au

re
us

in
 

in
 

ho
sp

ita
l (

gr
ey

 lin
e)

 an
d 

th
en

 co
m

m
un

ity
 (b

lac
k l

in
e)

ho
sp

ita
l (

gr
ey

 lin
e)

 an
d 

th
en

 co
m

m
un

ity
 (b

lac
k l

in
e)

M
cD

on
al

d,
 C

lin
In

fe
ct

 D
is

20
06



Mi
cr

o
Mi

cr
o --

or
ga

ni
sm

s i
so

lat
ed

 fr
om

 b
lo

od
 in

 
or

ga
ni

sm
s i

so
lat

ed
 fr

om
 b

lo
od

 in
 

va
rio

us
 E

OR
TC

 tr
ial

s 1
97

3
va

rio
us

 E
OR

TC
 tr

ial
s 1

97
3 --

19
93

19
93

01020304050607080

%

EO
RT

C
 

I
EO

RT
C

II
EO

RT
C

III
EO

RT
C

IV
EO

RT
C

V
EO

RT
C

VI
II

EO
RT

C
IX

G
ra

m
 n

eg
at

iv
e

G
ra

m
 p

os
iti

ve

E
O

R
TC

  =
 E

ur
op

ea
n 

O
rg

an
is

at
io

n 
fo

r R
es

ea
rc

h 
an

d 
Tr

ea
tm

en
t o

f C
an

ce
r



Ho
sp

ita
ls 

af
fe

ct
ed

 b
y E

MR
SA

Ho
sp

ita
ls 

af
fe

ct
ed

 b
y E

MR
SA

-- 3
, E

MR
SA

3, 
EM

RS
A --

15
, o

r E
MR

SA
15

, o
r E

MR
SA

-- 1
6 16
 

(E
ng

lan
d 

an
d 

W
ale

s)
(E

ng
lan

d 
an

d 
W

ale
s)

15
0

15
0

12
5

12
5

10
0

10
0 7575 5050 2525 00

19
93

19
93

19
94

19
94

19
95

19
95

19
96

19
96

19
97

19
97

EM
RS

A
EM

RS
A
-- 1

515
EM

RS
A

EM
RS

A
-- 1

616

EM
RS

A
EM

RS
A
-- 33

Number of Hospitals Number of Hospitals

Ye
ar

Ye
ar

PH
LS

 C
om

m
un

ic
ab

le
 D

is
ea

se
 R

ep
or

t1
99

7;
 7

 (2
2)

: 1
91



Kn
ow

 yo
ur

 
Kn

ow
 yo

ur
 ‘‘ l

oc
al

lo
ca

l ’’
pa

th
og

en
pa

th
og

en

O’
Co

nn
ell

 et
 al

. J
 A

nti
mi

cro
b C

he
mo

the
r 1

99
8; 

42
: 6

77
–6

78

Fe
br

ile
 ne

utr
op

en
ia 

blo
od

 cu
ltu

re
 is

ola
tes

Gr
am

-p
os

itiv
e 

ba
cte

ria
Gr

am
-n

eg
ati

ve
 ba

cil
li 

P.
 a

er
ug

ino
sa

/
En

te
ro

ba
cte

ria
ce

ae
 sp

p.

Re
sis

tan
t 

Gr
am

-n
eg

ati
ve

 ba
cil

li
(ci

pr
o/g

en
t/m

er
o)

Ha
em

ato
log

y
On

co
log

y
Pa

ed
iat

ric
s

0206010
0 80 40

Pe
rce

nta
ge

MR
SE

cip
ro

 =
 ci

pr
ofl

ox
ac

in
ge

nt 
= 

ge
nta

mi
cin

me
ro

 =
 m

er
op

en
em

MR
SA

 =
 m

eth
ici

llin
-re

sis
tan

t S
. a

ur
eu

s



Kn
ow

 yo
ur

 
Kn

ow
 yo

ur
 ‘‘ l

oc
al

lo
ca

l ’’
pa

th
og

en
pa

th
og

en Na
mi

as
et 

al.
 J 

Tr
au

ma
 20

00
;49

:63
8–

64
5 

Me
thi

cil
lin

Va
nc

om
yc

in
Im

ipe
ne

m
Ce

fta
zid

im
e

S.
 a

ur
eu

s

En
te

ro
co

cc
us

sp
p.

Ac
ine

to
ba

cte
r

sp
p.

*
*

P.
 a

er
ug

ino
sa

*

*

*S
ign

ific
an

t d
iffe

re
nc

e b
etw

ee
n I

CU
s

0206010
0 80 40

Su
sc

ep
tib

ilit
y (

%
)

Tr
au

ma
 IC

U
Su

rg
ica

l IC
U

Me
dic

al 
IC

U



Li
m

ita
tio

ns
 o

f c
ur

re
nt

 an
tib

io
tic

 p
re

sc
rib

in
g

Li
m

ita
tio

ns
 o

f c
ur

re
nt

 an
tib

io
tic

 p
re

sc
rib

in
g

••
Re

ma
ins

 em
pir

ica
l

Re
ma

ins
 em

pir
ica

l
••

Di
ag

no
sti

c u
nc

er
tai

nty
 co

mp
ou

nd
ed

 by
 an

tib
iot

ic 
Di

ag
no

sti
c u

nc
er

tai
nty

 co
mp

ou
nd

ed
 by

 an
tib

iot
ic 

re
sis

tan
ce

re
sis

tan
ce

••
Po

ten
tia

l c
on

se
qu

en
ce

s
Po

ten
tia

l c
on

se
qu

en
ce

s
––

wr
on

g o
rg

an
ism

 ta
rg

ete
d

wr
on

g o
rg

an
ism

 ta
rg

ete
d

––
wr

on
g a

nti
mi

cro
bia

l a
ge

nt 
se

lec
ted

wr
on

g a
nti

mi
cro

bia
l a

ge
nt 

se
lec

ted
––

un
ne

ce
ss

ar
y e

xp
os

ur
e t

o s
ide

 ef
fec

ts
un

ne
ce

ss
ar

y e
xp

os
ur

e t
o s

ide
 ef

fec
ts

––
ex

pe
nd

itu
re

 w
ith

ou
t b

en
efi

t
ex

pe
nd

itu
re

 w
ith

ou
t b

en
efi

t



An
tib

io
tic

 p
re

sc
rib

in
g 

in
 U

S 
ho

sp
ita

ls
An

tib
io

tic
 p

re
sc

rib
in

g 
in

 U
S 

ho
sp

ita
ls

R
ef

er
en

ce
Pa

tie
nt

s
%

 g
iv

en
an

tib
io

tic
s

%
 th

ou
gh

t
in

ap
pr

op
ria

te

Sc
he

ck
le

r (
19

70
)

52
56

30
.6

62

M
oo

dy
 (1

97
2)

56
6

23
47

.7

R
ob

er
ts

 (1
97

2)
10

35
32

.8
65

.6

K
un

in
 (1

97
3)

79
5

28
.3

51
.5

C
as

tle
 (1

97
7)

10
00

34
.2

64



In
ap

pr
op

ria
te

 an
tib

io
tic

 th
er

ap
y

In
ap

pr
op

ria
te

 an
tib

io
tic

 th
er

ap
y

Ina
pp

ro
pr

iat
e a

nti
bio

tic
 th

er
ap

y c
an

 be
 de

fin
ed

 as
 

Ina
pp

ro
pr

iat
e a

nti
bio

tic
 th

er
ap

y c
an

 be
 de

fin
ed

 as
 

on
e o

r m
or

e o
f th

e f
oll

ow
ing

:
on

e o
r m

or
e o

f th
e f

oll
ow

ing
:

••
ine

ffe
cti

ve
 em

pir
ic 

tre
atm

en
t o

f b
ac

ter
ial

 in
fec

tio
n 

ine
ffe

cti
ve

 em
pir

ic 
tre

atm
en

t o
f b

ac
ter

ial
 in

fec
tio

n 
at 

the
 tim

e o
f it

s i
de

nti
fic

ati
on

at 
the

 tim
e o

f it
s i

de
nti

fic
ati

on
••

the
 w

ro
ng

 ch
oic

e, 
do

se
 or

 du
ra

tio
n o

f th
er

ap
y

the
 w

ro
ng

 ch
oic

e, 
do

se
 or

 du
ra

tio
n o

f th
er

ap
y

••
us

e o
f a

n a
nti

bio
tic

 to
 w

hic
h t

he
 pa

tho
ge

n i
s 

us
e o

f a
n a

nti
bio

tic
 to

 w
hic

h t
he

 pa
tho

ge
n i

s 
re

sis
tan

t
re

sis
tan

t



Po
te

nt
ial

 co
ns

eq
ue

nc
es

 o
f 

Po
te

nt
ial

 co
ns

eq
ue

nc
es

 o
f i

na
pp

ro
pr

iat
e 

in
ap

pr
op

ria
te

 
an

tib
io

tic
 th

er
ap

y
an

tib
io

tic
 th

er
ap

y

Ina
pp

ro
pr

iat
e e

mp
iric

 an
tib

iot
ic 

the
ra

py
 ca

n l
ea

d t
o 

Ina
pp

ro
pr

iat
e e

mp
iric

 an
tib

iot
ic 

the
ra

py
 ca

n l
ea

d t
o 

inc
re

as
es

 in
:

inc
re

as
es

 in
:

••
mo

rta
lity

mo
rta

lity
••

mo
rb

idi
ty

mo
rb

idi
ty

••
len

gth
 of

 ho
sp

ita
l s

tay
len

gth
 of

 ho
sp

ita
l s

tay
••

co
st

co
st

••
re

sis
tan

ce
 se

lec
tio

n
re

sis
tan

ce
 se

lec
tio

n



Vo
lu

nt
ar

y s
ur

ve
illa

nc
e o

f s
ele

ct
ed

 b
lo

od
st

re
am

 
Vo

lu
nt

ar
y s

ur
ve

illa
nc

e o
f s

ele
ct

ed
 b

lo
od

st
re

am
 

in
fe

ct
io

ns
 in

 E
ng

lan
d 

an
d 

W
ale

s
in

fe
ct

io
ns

 in
 E

ng
lan

d 
an

d 
W

ale
s

0

50
0

10
00

15
00

20
00

25
00

30
00

35
00

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

Number of episodes

A
ci

ne
to

ba
ct

er
 s

pp

P
se

ud
om

on
as

 s
pp

S
te

no
tro

ph
om

on
as

m
al

to
ph

ili
a

S
ou

rc
e:

 H
ea

lth
 P

ro
te

ct
io

n 
A

ge
nc

y



Se
lec

te
d 

an
tim

icr
ob

ial
 re

sis
ta

nc
e r

at
es

 fr
om

 IC
U 

in
fe

ct
io

ns
 

Se
lec

te
d 

an
tim

icr
ob

ial
 re

sis
ta

nc
e r

at
es

 fr
om

 IC
U 

in
fe

ct
io

ns
 

re
po

rte
d 

to
 th

e U
S 

Na
tio

na
l 

re
po

rte
d 

to
 th

e U
S 

Na
tio

na
l N

os
oc

om
ial

No
so

co
m

ial
In

fe
ct

io
n 

In
fe

ct
io

n 
Su

rv
eil

lan
ce

 S
ch

em
e (

NN
IS

) 
Su

rv
eil

lan
ce

 S
ch

em
e (

NN
IS

) 

N
N

IS
 re

po
rt.

 A
m

 J
 In

fe
ct

 C
on

tro
l2

00
4



Re
lat

io
ns

hi
p 

be
tw

ee
n 

an
tib

io
tic

 u
se

, r
es

ist
an

ce
, t

re
at

m
en

t 
Re

lat
io

ns
hi

p 
be

tw
ee

n 
an

tib
io

tic
 u

se
, r

es
ist

an
ce

, t
re

at
m

en
t 

fa
ilu

re
 an

d 
he

alt
hc

ar
e b

ur
de

n
fa

ilu
re

 an
d 

he
alt

hc
ar

e b
ur

de
n

Inc
re

as
e i

n
an

tib
iot

ic 
us

e
Inc

re
as

e i
n

re
sis

tan
t s

tra
ins

Ine
ffe

cti
ve

 em
pir

ic
the

ra
py

•i
nc

re
as

ed
 m

or
bid

ity
•m

or
e a

nti
bio

tic
s

Inc
re

as
ed

ho
sp

ita
lis

ati
on

•m
or

e a
nti

bio
tic

s

Inc
re

as
ed

 
us

e o
f 

he
alt

hc
ar

e 
re

so
ur

ce
s

Lim
ite

d t
re

atm
en

t 
alt

er
na

tiv
es

•m
or

e a
nti

bio
tic

s
•i

nc
re

as
ed

mo
rta

lity



W
ha

t i
m

pa
ct

 h
as

 re
sis

ta
nc

e h
ad

 o
n 

pr
es

cr
ib

in
g 

W
ha

t i
m

pa
ct

 h
as

 re
sis

ta
nc

e h
ad

 o
n 

pr
es

cr
ib

in
g 

pr
ac

tic
e ?

pr
ac

tic
e ?

Inf
ec

tio
n/p

ath
og

en
Inf

ec
tio

n/p
ath

og
en

ur
ina

ry
ur

ina
ry

me
nin

git
is

me
nin

git
is

ga
ll b

lad
de

r
ga

ll b
lad

de
r

typ
ho

id 
fev

er
typ

ho
id 

fev
er

go
no

rrh
oe

a
go

no
rrh

oe
a

sta
ph

ylo
co

cc
i

sta
ph

ylo
co

cc
i

Ch
an

gin
g r

eg
im

en
s

Ch
an

gin
g r

eg
im

en
s

su
lph

on
am

ide
 

su
lph

on
am

ide
 →→

trim
eth

op
rim

trim
eth

op
rim

→→
qu

ino
lon

e
qu

ino
lon

e

ch
lor

am
ph

en
ico

l 
ch

lor
am

ph
en

ico
l →→

ce
ftr

iax
on

e
ce

ftr
iax

on
e

am
pic

illi
n 

am
pic

illi
n 

→→
ce

ph
alo

sp
or

ins
ce

ph
alo

sp
or

ins

ch
lor

am
ph

en
ico

l 
ch

lor
am

ph
en

ico
l →→

am
pic

illi
n 

am
pic

illi
n 

→→
qu

ino
lon

e
qu

ino
lon

e

pe
nic

illi
n 

pe
nic

illi
n 

→→
qu

ino
lon

e 
qu

ino
lon

e 
→→

ce
ftr

iax
on

e/c
efi

xim
e

ce
ftr

iax
on

e/c
efi

xim
e

pe
nic

illi
n 

pe
nic

illi
n 

→→
flu

clo
xa

cil
lin

 
flu

clo
xa

cil
lin

 →→
va

nc
om

yc
in

va
nc

om
yc

in



Po
or

er
 o

ut
co

m
e i

n 
Po

or
er

 o
ut

co
m

e i
n 

m
et

hi
cil

lin
m

et
hi

cil
lin

-- s
en

sit
ive

 
se

ns
iti

ve
 S

ta
ph

ylo
co

cc
us

 
St

ap
hy

lo
co

cc
us

 
au

re
us

au
re

us
ba

ct
er

ae
m

ia 
tre

at
ed

 w
ith

 va
nc

om
yc

in
ba

ct
er

ae
m

ia 
tre

at
ed

 w
ith

 va
nc

om
yc

in

••
Re

tro
sp

ec
tiv

e m
atc

he
d (

1:2
) c

as
e c

on
tro

l s
tud

y
Re

tro
sp

ec
tiv

e m
atc

he
d (

1:2
) c

as
e c

on
tro

l s
tud

y
••

27
 va

nc
om

yc
in 

tre
ate

d  
vs

. 5
4 b

eta
27

 va
nc

om
yc

in 
tre

ate
d  

vs
. 5

4 b
eta

-- la
cta

m
lac

tam
tre

ate
d

tre
ate

d
••

Ma
tch

ed
 fo

r a
ge

, s
ex

, s
ev

er
ity

 of
 un

de
rly

ing
 ill

ne
ss

, m
ain

 
Ma

tch
ed

 fo
r a

ge
, s

ex
, s

ev
er

ity
 of

 un
de

rly
ing

 ill
ne

ss
, m

ain
 

un
de

rly
ing

 di
se

as
e a

nd
 le

ng
th 

of 
ho

sp
ita

l s
tay

un
de

rly
ing

 di
se

as
e a

nd
 le

ng
th 

of 
ho

sp
ita

l s
tay

0102030405060708090

at
tri

bu
ta

bl
e

m
or

ta
lit

y
cu

re

%

va
nc

om
yc

in
 (n

=2
7)

be
ta

-la
ct

am
 (n

=5
4)

Ki
m

 e
t a

l. 
A

nt
im

ic
ro

b
A

ge
nt

s 
C

he
m

ot
he

r2
00

8

P
<0

.0
5 

fo
r b

ot
h 

ou
tc

om
es



Va
nc

om
yc

in
 M

IC
 

Va
nc

om
yc

in
 M

IC
 ‘‘ c

re
ep

cr
ee

p ’’
in

 
in

 S
ta

ph
ylo

co
cc

us
 au

re
us

St
ap

hy
lo

co
cc

us
 au

re
us

ba
ct

er
ae

m
ia 

iso
lat

es
 (n

=6
62

)
ba

ct
er

ae
m

ia 
iso

lat
es

 (n
=6

62
)

S
te

in
kr

au
s 

et
 a

l. 
J 

A
nt

im
ic

ro
b

C
he

m
ot

he
r2

00
7



R2
=0

.68

Mo
rta

lity
 ra

te 
(%

)

Pr
ev

ale
nc

e o
f

IC
U 

ac
qu

ire
d i

nfe
cti

on
, (

%
)

0  
    

    
    

5  
    

    
 10

    
    

  1
5  

    
    

20
    

    
   2

5  
    

   3
0

35 30 25 20 15 10 5

Vi
nc

en
t e

t a
l. J

AM
A 

19
95

; 2
74

: 6
39

–6
44

De
at

h 
an

d 
in

fe
ct

io
n

De
at

h 
an

d 
in

fe
ct

io
n



P
ro

sp
ec

tiv
e 

st
ud

y 
on

 2
,0

00
 p

at
ie

nt
s 

in
 In

te
ns

iv
e 

C
ar

e 
   

   
   

 
P

ro
sp

ec
tiv

e 
st

ud
y 

on
 2

,0
00

 p
at

ie
nt

s 
in

 In
te

ns
iv

e 
C

ar
e 

   
   

   
 

65
5 

pa
tie

nt
s 

w
ith

 in
fe

ct
io

ns
65

5 
pa

tie
nt

s 
w

ith
 in

fe
ct

io
ns

In
ap

pr
op

ria
te

 an
tib

io
tic

s c
au

se
 d

ea
th

In
ap

pr
op

ria
te

 an
tib

io
tic

s c
au

se
 d

ea
th

Ko
lle

f e
t a

lC
he

st:
11

5:
46

2,
19

99

17
.1

34
.3

45
.2

01020304050

co
mm

un
ity

 ac
qu

ire
d

no
so

co
mi

al
no

so
co

mi
al 

aft
er

tre
atm

en
t o

f
co

mm
un

ity
 ac

qu
ire

d
Ty

pe
 of

 in
fec

tio
n

Ina
pp

ro
pr

iat
e t

he
ra

py
 (%

) 



In
ap

pr
op

ria
te

 an
tib

io
tic

s c
au

se
 d

ea
th

In
ap

pr
op

ria
te

 an
tib

io
tic

s c
au

se
 d

ea
th

Ko
lle

f e
t a

lC
he

st:
11

5:
46

2,
19

99

0102030405060

All
pa

tie
nts

All
 ca

us
es

Inf
ec

tio
n

Mo
rta

lity
 (%

)
Ap

pr
op

ria
te 

the
ra

py
Ina

pp
ro

pr
iat

e t
he

ra
py

Pa
tie

nts
 w

ith
 pr

ov
en

 in
fec

tio
n

Al
l g

ro
up

s P
<0

.00
1



Re
as

on
s f

or
 in

ap
pr

op
ria

te
 th

er
ap

y
Re

as
on

s f
or

 in
ap

pr
op

ria
te

 th
er

ap
y

••
Gr

am
 ne

ga
tiv

e b
ac

illi
 re

sis
tan

t to
 ce

ph
alo

sp
or

ins
Gr

am
 ne

ga
tiv

e b
ac

illi
 re

sis
tan

t to
 ce

ph
alo

sp
or

ins
••

Gr
am

 ne
ga

tiv
e b

ac
illi

 re
sis

tan
t to

 ot
he

rs
Gr

am
 ne

ga
tiv

e b
ac

illi
 re

sis
tan

t to
 ot

he
rs

••
MR

SA
 no

t tr
ea

ted
MR

SA
 no

t tr
ea

ted
••

Ca
nd

ida
 sp

. n
ot 

tre
ate

d
Ca

nd
ida

 sp
. n

ot 
tre

ate
d

••
GR

E 
no

t tr
ea

ted
GR

E 
no

t tr
ea

ted
••

No
 an

tib
iot

ic 
giv

en
No

 an
tib

iot
ic 

giv
en

Ko
lle

f e
t a

lC
he

st:
11

5:
46

2,
19

99



Lu
na

 et
 al

, 1
99

7

0
20

40
60

80
10

0

Ibr
ah

im
 et

 al
, 2

00
0

Al
va

re
z-L

er
ma

, 1
99

6

Re
llo

 et
 al

, 1
99

7

Mo
rta

lity
 (%

)

Ap
pr

op
ria

te 
the

ra
py

Ina
pp

ro
pr

iat
e t

he
ra

py

Ga
rn

ac
ho

-M
on

ter
o e

t a
l,

20
03

Va
llé

s e
t a

l, 2
00

3

In
ap

pr
op

ria
te

 an
tib

io
tic

s c
au

se
 d

ea
th

In
ap

pr
op

ria
te

 an
tib

io
tic

s c
au

se
 d

ea
th



MR
SA

 b
ac

te
ra

em
ia 

an
d 

m
or

ta
lit

y
MR

SA
 b

ac
te

ra
em

ia 
an

d 
m

or
ta

lit
y

••
Me

ta
Me

ta
-- a

na
lys

is 
of 

stu
die

s 1
98

0
an

aly
sis

 of
 st

ud
ies

 19
80

-- 2
00

0
20

00
••

31
 co

ho
rt 

stu
die

s
31

 co
ho

rt 
stu

die
s

3,9
63

 pa
tie

nts
3,9

63
 pa

tie
nts

34
%

 M
RS

A
34

%
 M

RS
A

••
Inc

re
as

ed
 m

or
tal

ity
 w

ith
 M

RS
A 

ba
cte

ra
em

ia 
  (

OR
 1.

93
 P

<0
.00

1)
Inc

re
as

ed
 m

or
tal

ity
 w

ith
 M

RS
A 

ba
cte

ra
em

ia 
  (

OR
 1.

93
 P

<0
.00

1)
••

Co
ns

ist
en

t e
ve

n w
he

n p
ote

nti
al 

co
nfo

un
din

g f
ac

tor
s w

er
e e

xp
lor

ed
Co

ns
ist

en
t e

ve
n w

he
n p

ote
nti

al 
co

nfo
un

din
g f

ac
tor

s w
er

e e
xp

lor
ed

::
––

Pr
op

or
tio

n o
f 

Pr
op

or
tio

n o
f n

os
oc

om
ial

no
so

co
mi

al
inf

ec
tio

ns
inf

ec
tio

ns
––

Pr
es

en
ce

 of
 ou

tbr
ea

k v
s. 

no
 ou

tbr
ea

k
Pr

es
en

ce
 of

 ou
tbr

ea
k v

s. 
no

 ou
tbr

ea
k

––
Pr

op
or

tio
n o

f li
ne

Pr
op

or
tio

n o
f li

ne
-- a

ss
oc

iat
ed

 in
fec

tio
ns

as
so

cia
ted

 in
fec

tio
ns

––
Pr

op
or

tio
n o

f in
fec

tio
ns

 du
e t

o 
Pr

op
or

tio
n o

f in
fec

tio
ns

 du
e t

o 
en

do
ca

rd
itis

en
do

ca
rd

itis

C
os

gr
ov

e 
et

 a
l. 

C
lin

In
fe

ct
 D

is
20

03



Gr
am

Gr
am

-- n
eg

at
ive

 re
sis

ta
nc

e a
nd

 o
ut

co
m

e
ne

ga
tiv

e r
es

ist
an

ce
 an

d 
ou

tc
om

e

Ce
ph

alo
sp

or
in 

re
sis

tan
t 

Ce
ph

alo
sp

or
in 

re
sis

tan
t 

En
te

ro
ba

cte
ria

ce
ae

En
te

ro
ba

cte
ria

ce
ae

MD
R 

MD
R 

P.
ae

ru
gin

os
a

P.
ae

ru
gin

os
a

(( ≥≥
4 a

ge
nts

)
4 a

ge
nts

)

Ca
rb

ap
en

em
Ca

rb
ap

en
em

re
sis

tan
t 

re
sis

tan
t 

Ac
ine

to
ba

cte
r

Ac
ine

to
ba

cte
r

↑↑
LO

S 
 

LO
S 

 ↑↑
co

sts
co

sts
↑↑

mo
rta

lity
 in

 B
SI

 du
e t

o E
SB

L
mo

rta
lity

 in
 B

SI
 du

e t
o E

SB
L

↑↑
mo

rta
lity

 
mo

rta
lity

 ↑↑
LO

S
LO

S
Va

rie
ty 

of 
Va

rie
ty 

of 
no

so
co

mi
al

no
so

co
mi

al
inf

ec
tio

ns
inf

ec
tio

ns

↑↑
Mo

rta
lity

 in
 B

SI
 an

d I
CU

 an
d b

ur
ns

Mo
rta

lity
 in

 B
SI

 an
d I

CU
 an

d b
ur

ns
↑↑

LO
S 

 
LO

S 
 ↑↑

co
sts

co
sts

8 s
tud

ies
 im

pa
ct 

 
8 s

tud
ies

 im
pa

ct 
 

6 n
o i

mp
ac

t
6 n

o i
mp

ac
t

6 s
tud

ies
 im

pa
ct 

6 s
tud

ies
 im

pa
ct 

1 n
o i

mp
ac

t
1 n

o i
mp

ac
t

6 s
tud

ies
 im

pa
ct

6 s
tud

ies
 im

pa
ct

G
is

ke
et

 a
l A

nt
im

ic
ro

b
A

ge
nt

s 
C

he
m

ot
he

r(
in

 p
re

ss
)

E
-p

ub
lic

at
io

n 
10

 D
ec

 2
00

7



W
hy

 d
oe

sn
W

hy
 d

oe
sn

’’ t 
re

sis
ta

nc
e a

lw
ay

s r
es

ul
t i

n 
a 

t r
es

ist
an

ce
 al

wa
ys

 re
su

lt 
in

 a 
de

m
on

st
ra

bl
e i

m
pa

ct
 o

n 
pa

tie
nt

 o
ut

co
m

e?
de

m
on

st
ra

bl
e i

m
pa

ct
 o

n 
pa

tie
nt

 o
ut

co
m

e?

••
St

ud
y d

es
ign

St
ud

y d
es

ign
••

Su
sc

ep
tib

ilit
y t

es
tin

g i
ss

ue
s

Su
sc

ep
tib

ilit
y t

es
tin

g i
ss

ue
s

••
De

gr
ee

 of
 re

sis
tan

ce
 / r

es
ist

an
ce

 m
ec

ha
nis

m
De

gr
ee

 of
 re

sis
tan

ce
 / r

es
ist

an
ce

 m
ec

ha
nis

m
••

Sp
ec

tru
m 

of 
dis

ea
se

 se
ve

rity
 st

ud
ied

Sp
ec

tru
m 

of 
dis

ea
se

 se
ve

rity
 st

ud
ied

••
Co

lon
isa

tio
n v

er
su

s i
nfe

cti
on

Co
lon

isa
tio

n v
er

su
s i

nfe
cti

on
••

Su
bo

pti
ma

l d
os

ing
 (P

K/
PD

 is
su

es
)

Su
bo

pti
ma

l d
os

ing
 (P

K/
PD

 is
su

es
)

••
Si

gn
ific

an
t r

es
po

ns
e i

n t
he

 ab
se

nc
e o

f a
nti

bio
tic

Si
gn

ific
an

t r
es

po
ns

e i
n t

he
 ab

se
nc

e o
f a

nti
bio

tic



Re
sis

ta
nc

e a
nd

 o
ut

co
m

e
Re

sis
ta

nc
e a

nd
 o

ut
co

m
e

Go
od

 co
rre

lat
ion

Go
od

 co
rre

lat
ion

Le
ss

 go
od

 co
rre

lat
ion

Le
ss

 go
od

 co
rre

lat
ion

Bl
oo

d s
tre

am
 in

fec
tio

n
Bl

oo
d s

tre
am

 in
fec

tio
n

No
n

No
n --

ba
cte

ra
em

ic
ba

cte
ra

em
ic

inf
ec

tio
n

inf
ec

tio
n

IC
U

IC
U

S.
 

S.
 p

ne
um

on
iae

pn
eu

m
on

iae
MR

SA
MR

SA
VR

E
VR

E
ES

BL
 

ES
BL

 E
nt

er
ob

ac
te

ria
ce

ae
En

te
ro

ba
cte

ria
ce

ae
MD

R 
MD

R 
P.

 
P.

 a
er

ug
ino

sa
ae

ru
gin

os
a

ca
rb

ap
en

em
ca

rb
ap

en
em

–– r
es

ist
an

t 
re

sis
tan

t A
cin

et
ob

ac
te

r
Ac

ine
to

ba
cte

r



Su
m

m
ar

y
Su

m
m

ar
y

An
tim

icr
ob

ial
 re

sis
tan

ce
:

An
tim

icr
ob

ial
 re

sis
tan

ce
:

••
Is 

an
 in

ev
ita

ble
 co

ns
eq

ue
nc

e o
f e

xp
os

ur
e t

o a
nti

bio
tic

s
Is 

an
 in

ev
ita

ble
 co

ns
eq

ue
nc

e o
f e

xp
os

ur
e t

o a
nti

bio
tic

s
••

re
du

ce
s t

he
ra

pe
uti

c o
pti

on
s

re
du

ce
s t

he
ra

pe
uti

c o
pti

on
s

••
en

co
ur

ag
es

 in
cre

as
ing

ly 
br

oa
d s

pe
ctr

um
 em

pir
ica

l 
en

co
ur

ag
es

 in
cre

as
ing

ly 
br

oa
d s

pe
ctr

um
 em

pir
ica

l 
the

ra
py

the
ra

py
••

is 
as

so
cia

ted
 w

ith
 in

cre
as

ed
 m

or
bid

ity
, m

or
tal

ity
 an

d 
is 

as
so

cia
ted

 w
ith

 in
cre

as
ed

 m
or

bid
ity

, m
or

tal
ity

 an
d 

ho
sp

ita
l c

os
ts

ho
sp

ita
l c

os
ts



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


